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Abstract. This study was conducted to compare fracture patterns and operation times
after sagittal split osteotomy (SSO) by Hunsuck/Epker approach, performed using a
burr or ultrasonic device, with and without osteotomy modification. A total of 80
SSOs were performed in fresh human cadavers using a burr or ultrasonic device to
investigate the influence of surgical instruments as well as an additional bone cut on
the inferior border of the mandible in terms of lingual fracture patterns. The times
required for osteotomy and sagittal split were measured, and postoperative cone
beam computed tomography images of all splits were analyzed. Without an
additional inferior osteotomy, preferred splits according to Hunsuck/Epker were
achieved in 35% of cases (7/20) with the burr and 45% (9/20) with the ultrasonic
instrument. The inferior modification resulted in a greater number of unwanted
fracture patterns in both groups. There was no relationship between the split
technique and the fracture pattern (P = 0.7854). Statistically significant differences
in osteotomy time were observed between burr osteotomy and modified burr
osteotomy (P = 0.006), as well as modified ultrasonic osteotomy (P < 0.001), but
not between burr and ultrasonic surgery both without the inferior cut (P = 0.36). The
bone cut on the inferior border did not improve split control, but rather increased the
risk of unwanted fractures and extended the operation time.
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The original bilateral sagittal split osteot-
omy (BSSO) of the mandibular ramus was
first introduced by Trauner and Obwegeser.
The surgical procedure involved a horizon-
tal osteotomy through the lingual cortex
above the mandibular foramen and a second
horizontal osteotomy to the buccal side. The
two osteotomies were connected by a third
vertical osteotomy'. This technique was
modified by Dal Pont, who split the mandi-
ble using a vertical lateral bone cut instead
of a posterior osteotomy through the body
of the lower jawz. Today, the Hunsuck/
Epker modification for BSSO of the man-
dible is one of the most widely used mod-
ifications for correcting asymmetries or for
mandibular advancement and setback’.
Hunsuck recommended that the medial
cortical osteotomy be extended only poste-
riorly to the mandibular foramen. Follow-
ing this, Epker declared that removal of the
pterygomasseteric sling from the ramus was
unnecessary and a complete osteotomy of
the inferior border of the lower jaw would
minimize the risk of unwanted fractures of
the distal or proximal mandible segments as
well as inferior alveolar nerve injuries™*”.
Today, the high oblique sagittal split osteot-
omy (HSSO) is increasingly mentioned as
an alternative technique to prevent injuries
to the inferior alveolar nerve®’.

Visual control of the fracture pattern is not
possible during BSSO. However, different
investigations have studied the fracture line
using three-dimensional (3D) reconstruc-
tions of cone beam computed tomography
(CBCT)data® '% Plooij etal. reported about
51% and Song and Kim about 60% of
fractures running through the mandible
according to Hunsuck’s description®'’. In
addition, Mohlhenrich et al. observed that
60% of lingual surface fractures were in
contact with the mandibular canal and only
23.3% of all splits ran through the lingual
cortex according to the original description
by Hunsuck/Epker'?.

To achieve a better split control, vari-
ous studies have examined new develop-
ments in the BSSO technique as well as
potential issues that could affect the split
process'* '®. In a cadaveric study, Ver-
weij et al. modified the osteotomy design
with an angled oblique buccal bone cut
extended as a posteriorly aimed inferior
border cut near the masseteric tuberosity
and found that the modification results in
a more posterior lingual fracture pat-

tern'*. Schoen et al. and Béckmann

et al. analyzed the split behaviour of
pig mandibles after a modification of
the Obwegeser/Dal Pont technique by
an additional osteotomy at the caudal
border'”'®. They assumed that an addi-
tional osteotomy would enable the sagit-
tal split process through a locus of minor
resistance and reported that in contrast to
the classic BSSO, which led to a fracture
pattern along the mandibular canal, in-
creasing the risk of potential damage to
the nerve and the risk of bad split, the
BSSO with the modified osteotomy at the
inferior border led to a split line closer to
the inferior mandibular border and im-
proved control of the splitting process.
However, these findings were based only
on a modification of the traditional Obwe-
geser/Dal Pont technique in pig mand-
ibles. To date, the influence of an
osteotomy of the inferior border of the
mandible in the context of a BSSO
according to Hunsuck/Epker has not been
investigated.

Various studies have investigated the
influence of ultrasonic surgery in the field
of orthognathic surgery, which has be-
come a practicable alternative to conven-
tional instruments for orthognathic
operations' *>*. The major benefits of ul-
trasonic surgery devices are the minimal
risk of injury to the soft tissue, vibrations
without fracture if in contact with the
surgical tip, outstanding overview of the
operation field due to the cavitation effect
and reduced bleeding, as well as high
osteotomy precision due to the limited
vibration amplitude and specific osteo-
tome design, and also low acoustic and
vibrational effects>’. Furthermore, the re-
duction of intraoperative blood loss, lower
incidence of postoperative haematoma,
swelling, or nerve damage as well as
earlier nerve recovery, and greater cutting
precision, in the context of a longer surgi-
cal duration, have been reported21 23,26,27,
A comparison between orthognathic sur-
geries performed with an ultrasonic device
(Piezosurgery) and with a traditional saw
revealed better results for the ultrasonic
device, especially in terms of intraopera-
tive blood loss, postoperative swelling,
and nerve injury”>. However, to date, no
investigation has studied the influence of
ultrasonic devices on the lingual fracture
patterns in the context of BSSO.

The aim of this cadaveric study was to
compare the fracture patterns after BSSO
by Hunsuck/Epker approach, performed
using conventional instruments (including
burrs) and an ultrasonic device. This study
also investigated the influence of osteot-
omy modification within these groups,
through the use of an additional osteotomy
on the inferior border of the mandible. In
addition, the times required to perform
surgery with the different instruments,
with and without the osteotomy modifica-
tion, were measured and compared.

Materials and methods

The Ethics Committee of the Medical
Faculty of RWTH Aachen reviewed and
approved the study design. Once institu-
tional approval was obtained, a total of 80
SSOs were performed on 40 mandibles
possessing at least the molar dentition, in
fresh cadaver heads (13 female and 27
male; mean age 71 years, range 54-89
years). Either a traditional burr (Linde-
mann Drill; Hager & Meisinger GmbH,
Neuss, Germany) (Fig. 1) or an ultrasonic
device (Piezosurgery, with surgical inserts
MT7-3, MT1-10, and MT2L-4 (left side)
or MT2R-4 (right side); Mectron s.p.a.,
Carasco, Italy) (Fig. 2) was used for the
SSOs, and these were done either with or
without an additional osteotomy to the
inferior border of the mandible. This
resulted in four different groups with 20
sagittal splits per group (burr vs. ultrasonic
surgery, conventional vs. modified osteot-
omy design), as follows: group 1, tradi-
tional burr osteotomy; group 2, modified
traditional burr osteotomy; group 3, ultra-
sonic osteotomy; and group 4, modified
ultrasonic osteotomy. The same surgeon
performed all operations.

An incision was made using a knife (No.
15 blade) in the depth of the vestibule
adjacent to the region of the second molar.
The incision extended both anteriorly and
posteriorly for a total length of about 4 cm.
The incision was carried down to the bone.
Sub-periosteal dissection exposed the an-
terior aspect of the lateral ramus and the
posterior body of the mandible down to
the inferior border. The extent of the dis-
section anterior to the gonial angle
depended on the planned buccal extension
of the proximal segment. The dissection
exposed the anterior superior aspect of the
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Fig. 1. Left side of the ramus osteotomized using traditional burr instruments before splitting.

ramus up towards the coronoid process,
with stripping of the temporalis muscle
tendon. Retraction of the soft tissues was
performed using a ramus retractor on the
coronoid process, involving a channel re-
tractor superior to the neurovascular bun-
dle and an inferior border retractor placed
anterior to the gonial angle.

The lingual osteotomy was performed
according to Hunsuck, as mentioned
above, and just posterior to the mandibular
foramen through the cortical bone. The
buccal osteotomy through the cortical
bone was performed in the region between
the first and second molar. Both osteo-
tomies were combined by a third osteot-
omy along the oblique line (Figs. 1 and 2).
In groups 2 and 4, an additional fourth
osteotomy of about 10 mm was performed
on the inferior border of the mandible
(Fig. 3a,b). The inferior border cut was
intended to penetrate through the caudal
cortex completely. However, in group 2,
this osteotomy was performed using a burr
under continuous spreading of the distal
and proximal segments, and in group 4,
left- or right-angled surgical inserts were
used. However, in the case of a recogniz-
able unwanted fracture, a complete split of
the mandibular ramus was performed.

For analysis of the fracture patterns, the
lingual split scale (LSS) introduced by

Plooij et al. (Fig. 4)® was used. LSSI is
described as a vertical fracture pattern to
the inferior border of the mandible, LSS2
is classified as a horizontal fracture pattern
to the border of the posterior ramus, LSS3
is classified as a fracture pattern through
the mandibular canal to the inferior border
of the mandible, and LSS4 describes other
unwanted fracture patterns, such as buccal
plate fracture or a bad split.

For all cadaver heads, postoperative con-
trol CBCT scans (GALILEOS CBCT; Sir-
ona, Bensheim, Germany) were performed
to analyze the lingual cortical plates using the
3D reconstructions of the CBCT dataset with
the secondary reconstruction image aligned
on the fracture line (Fig. 5a—d). In addition,
the times required for the osteotomy and for
the mandible split were measured.

Statistical analysis

The statistical analysis of the fracture
patterns according to the split technique
as well as the surgical device was per-
formed using the statistical program
GraphPad Prism version 7 (GraphPad
Software Inc., La Jolla, CA, USA). The
relationship between the fracture pattern
and the split technique or the surgical
device was analyzed using the X2 test;

Fig. 2. Left side of the ramus osteotomized using ultrasonic surgical instruments before splitting.
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Fig. 3. (a) Schematic illustration of the mandible with the osteotomy lines, lingual and lateral,
shown as black dotted lines; the red line indicates the additional osteotomy at the inferior border
used in the modified technique. (b) Clinical situation after the mandible split using the modified
technique with the inferior border osteotomy (arrow: black dotted line).

Fig. 4. Classification of the BSSO split patterns according to Plooij et al.®. LSS1 (green):
vertical fracture pattern to the inferior border of the mandible; LSS2 (yellow): horizontal
fracture pattern to the posterior border of the ramus; LSS3 (blue): fracture pattern through the
mandibular canal to the inferior border of the mandible; and LSS4 (red): other unwanted
patterns, such as buccal plate fracture or bad split.

in cases of small numbers of expected
observed frequency for particular out-
comes, Fisher’s exact test was used.
One-way analysis of variance (ANOVA)
for multiple comparisons was used to
compare the osteotomy times and the split
times. The level of significance was set at
P < 0.05 for all analyses and all data are
expressed as the mean =+ standard devia-
tion.

Results

The distribution of the four different frac-
ture patterns according to the osteotomy
technique and the surgical device is
depicted in Fig. 6. Table 1 shows the
percentage distribution of the fracture pat-
terns for all the four techniques according
to the classification of Plooij et al. The
comparisons between the time measure-
ments for osteotomy and the mandible
split are shown in box plot charts in Fig. 7.
The modification of the BSSO using an
additional fourth osteotomy resulted in a
greater number of unwanted fracture pat-
terns, as described by Plooij et al. In the
burr group, there were six unwanted frac-
tures with the use of the modification and
only two fractures without the modifica-
tion. A similar distribution was observed
in the ultrasonic group, four with the
additional osteotomy and two without
the osteotomy. Conversely, a larger num-
ber of the intended lingual split lines was
found in the burr group as well as in the
ultrasonic group if the additional fourth
osteotomy was omitted. In all four groups,
a similar distribution was observed for
classifications LSS2 and LSS3. Within
the study groups, the intended fracture
patterns that most often occurred were
LSS1 and LSS3 (which runs through the
mandibular canal to the inferior mandibu-
lar border), except in the modified burr
group. In this group, LSS3 occurred most
frequently, followed by unwanted frac-
tures of LSS4. However, there was no
relationship between the split technique
and the fracture pattern (P = (0.7854).
Regarding the time required for osteot-
omy, statistically significant differences
were observed between traditional burr
osteotomy and modified burr osteotomy
(P =0.006), as well as modified ultrason-
ic osteotomy (P < 0.001) (Fig. 7a). The
split time was obviously shorter by tradi-
tional osteotomy without modification.
However, there was no statistically sig-
nificant difference when compared with
the ultrasonic osteotomy (P = 0.36). The
additional osteotomy resulted in a statisti-
cally significant prolongation of the op-
erating time in both groups (burr
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Fig. 5. Split patterns according to the classification of Plooij et al.®. in the three-dimensional dataset and the fracture line aligned secondary
reformation: (a) LSS1, (b) LSS2, (¢) LSS3, and (d) LSS4.
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Fig. 6. Distribution of the four different fracture patterns depending on the osteotomy technique

and the surgical device.

osteotomy: P = 0.006; ultrasonic osteot-
omy: P < 0.001).

Regarding the subsequent time to split
the mandible, a statistically significant

difference was observed only between
the two modified variants (P =0.003)
(Fig. 7b). No significant difference in split
time was found after the additional osteot-

omy was performed at the lower border of
the mandible for either the burr osteotomy
group (P =0.09) or the ultrasonic osteot-
omy group (P =0.15).

Discussion

An established method for the evaluation
of the lingual fracture patterns after BSSO
involves 3D investigation using CBCT
and 3D reconstruction software® >, After
BSSO according to the Hunsuck/Epker
method, Plooij et al. found that 32.5%
of all fractures occurred along the lingual
surface with contact to the mandibular
canal, 13.75% of the fractures ran hori-
zontally with contact to the border of the
posterior ramus, and 2.5% were buccal or
other kinds of fracture patterns®. Only
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Table 1. Distribution of fracture pattern for all four techniques according to the classification of Plooij et al.®

All split

techniques
Fracture pattern

Burr osteotomy

Modified burr
osteotomy

Ultrasonic osteotomy

Modified Ultrasonic
osteotomy

m () (n)

%) %) (%) (%)

(n)

%) (%) (%) (%)

LSS 1 27 33.75 7
LSS 2 10 12.5 3
LSS 3 29 36.25 8
LSS 4 14 17.5 2

25.9 35
30 15
27.6 40
14.3 10

14.8 20
30 15
24.1 35
42.9 30

AN WA
[ \SEENIN S INe}

333 45
20 10
24.1 35
14.3 10

259 35
20 10
24.1 35
28.6 20

N S

# Percentage based on particular fracture pattern.

® Percentage based on osteotomy technique.

Q

1500+

dekk

*%

1000+

500+

Osteotomy time (s)

800~

600~

400+

Split time (s)

200+

Fig. 7. Comparisons between the time measurements in seconds for (a) osteotomy and (b)
mandible split; *P < 0.05, **P < 0.01, ***P < 0.001.

51.75% of the fracture patterns were in
accordance with the Hunsuck/Epker de-
scription. Muto et al. reported that nearly
63% of splits of the mandibular ramus ran
through the lingual cortex, 23% in the
posterior border of the mandible, and
15% in the buccal cortex’. Song and
Kim determined that after Hunsuck/Epker
osteotomy technique, 60% of the fracture

patterns were vertical to the inferior bor-
der of the mandible, 11.25% ran through
the mandibular canal to the inferior bor-
der, 21.25% showed an oblique pattern to
the posterior border, and only 7.5% led to
bad or unwanted splits'’. Recently, the
present study group reported that only
23.3% of all splits after Hunsuck/Epker
modification led to the desired fracture

pattern, whereas 6.7% resulted in horizon-
tal fracture lines and 60% of the fractures
ran through the mandibular canal'®. Fur-
thermore, 10% of the fractures demon-
strated other fracture patterns, i.e.,
buccal plate fracture or bad splits.

Regarding the small number of intended
lingual fracture lines and simultaneously
the high incidence of bad splits and un-
wanted fracture patterns, various ex vivo
and in vitro studies have aimed at improv-
ing the surgical procedure of SSO. These
modifications include, among others, the
use of special surgical instruments such as
splitters and separators, anatomical fea-
tures such as the mandibular canal and
the mylohyoid groove, and modifications
of the split technique such as using an
angled lateral osteotomy or an additional
osteotomy at the caudal rim of the
mandible'* "%,

Schoen et al. and Béckmann et al. in-
vestigated ex vivo the split behaviour of
pig mandibles after a modification of the
Obwegeser/Dal Pont technique with an
additional osteotomy at the caudal bor-
der'”'®. It was anticipated that the addi-
tional fourth osteotomy would enable the
sagittal split process due to a locus of
minor resistance. They reported that the
split modification led to a fracture line
closer to the inferior border of the mandi-
ble and improved control of the splitting
process compared with the Obwegeser/
Dal Pont technique, which resulted in a
fracture line along the mandibular canal,
exposing the nerve to potential injury and
increasing the risk of a bad split. Never-
theless, the use of animal models remains
controversial. Mensink et al. also analyzed
the fracture behaviour in pig mandibles
using splitters and separators'®. In this
context, they reported that regardless of
the instrument, the fracture pattern in the
pig’s jaw almost ended in the mandibular
foramen, and they attributed this to ani-
mal-specific bony resistance.

In the present study, dentulous mand-
ibles in fresh cadaver heads were used and
the surgical treatments were conducted
directly to provide a situation closer to
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clinical reality. In general, operations in
this field of research have been performed
after surgical resection and with soft tissue
reflected mandibles, followed by rigid fix-
ation in a test rig.

In contrast to the investigations by
Schoen et al. and Bockmann et al., no
advantages in terms of lingual fracture
behaviour after a previous osteotomy at
the lower margin of the mandible were
found in this study. The preferred split
according to Hunsuck/Epker was
achieved in 35% of cases (7/20) with
the burr and 45% (9/20) with the ultra-
sonic instruments without the osteotomy
modification; with the additional fourth
osteotomy, the preferred split was
achieved in 20% of the cases with the
burr (4/20) and 35% of the cases with the
ultrasonic device (7/20). In contrast, the
inferior border cut appears to favour a
higher incidence of bad splits and un-
wanted fracture patterns. Thus, in the
burr as well as the ultrasonic osteotomy
group, 10% (2/20) of the fractures ended
up with bad splits or unwanted fracture
patterns, followed by the modified ultra-
sonic group with 20% (4/20) and then the
modified burr osteotomy with 30% (6/
20). In total, 36.25% (29/80) of all splits
resulted in contact with the mandibular
canal. The higher incidence of unwanted
fracture patterns could be explained by
the fact that performing bone cuts under
continuous spreading is more risky.
However, no correlation was found be-
tween the split technique and the lingual
fracture line. In particular, no differ-
ences were recognized between the tra-
ditional burr and the ultrasonic
osteotomy. Therefore, surgical instru-
mentation appears to play a minor role
in this context. However, it must be
mentioned that in addition to the surgical
instruments used in this study, there are
also saw blades that could be quicker and
more precise, especially compared to
burr devices.

Ultrasonic surgery has become an in-
creasingly established system of bone cut-
ting to prevent soft tissue injuries. It is
indicated for surgical procedures such as
bone graft harvesting, tooth extraction,
maxillary sinus lifting, osteogenic distrac-
tion, and orthognathic surgery”’. Various
studies have reported reduced postopera-
tive complications such as oedema, bleed-
ing, and lesions to the inferior alveolar
nerve after using piezoelectric surgery for
SSO of the mandibular ramus®'*>*",
However, the prolonged time needed to
perform the bone cuts and the necessity of
completing the osteotomies using differ-
ent surgical inserts are the major limita-

tions of using ultrasonic devices in
orthognathic surgery®' >*.

In a recent systematic review, Silva
et al. compared piezoelectric surgery
and a conventional saw for SSO sand
reported that it took longer to perform
the osteotomies using the ultrasonic de-
vice than using the conventional saw’’.
However, they found no uniformity re-
garding the measurement of the operating
time. Among the five studies that evaluat-
ed the duration of surgery”'?3303336
three assessed the time required to per-
form a bilateral SSO along with a Le Fort I
osteotomy”'***° and two studies assessed
the operating time required to perform a
one-sided SSO*>*°. In this context, the
time required can be influenced by differ-
ences in osteotomy design to prepare the
mandibular ramus for the sagittal split.
Thus, extended or additional bone cuts
may prolong the surgical time, regardless
of the surgical instruments. In contrast, the
results of this investigation suggested that
there was no significant difference in time
taken between the use of the burr and the
ultrasonic device. However, the modifica-
tion led to a significant extension of the
operating time in both groups, particularly
for the ultrasonic surgery group. The
shortest split time was observed during
conventional burr surgery, and the longest
split time was observed during modified
ultrasonic surgery. Furthermore, the mod-
ification of the osteotomy technique
appeared to have no influence on the
sagittal split time. A significant difference
was observed only between the two mod-
ified operation procedures.

In conclusion, in contrast to the current
literature, there were no differences in
operation time between traditional burr
and ultrasonic surgery when performing
the SSO according to Hunsuck/Epker.
Only the split modification with a fourth
osteotomy at the inferior border of the
mandible resulted in significant differ-
ences in surgical duration, especially in
the ultrasonic surgery group. However, the
additional bone cut did not lead to better
control of the lingual fracture pattern. On
the contrary, this resulted in more unwant-
ed and less desired fracture lines. Howev-
er, clinical investigations must be
performed to prove this. Thus, within
the limitations of the cadaveric study de-
sign, ultrasonic surgery is equivalent to
traditional instruments in terms of the time
required for the sagittal split. Therefore,
surgical instrumentation appears to play a
minor role while performing SSO. An
additional osteotomy at the inferior mar-
gin of the mandible can be dispensed with,
because it appears to prolong the operating

time unnecessarily and simultaneously in-
crease the risk for the development of bad
splits.
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